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that the curve traced by the satellite shall be everywhere concave to the 
sun? Apply to the earth-moon system to prove that the moon's path is al- 
ways concave to the sun. 

Solution by G. B. M. ZERH, A. M., Ph. D., Parsons, W. Va. 

Let m=sun's mass, wii— -primary's mass, i2=distance of primary from 
sun, r— distance of satellite from primary, v=velocity of primary around 
the sun at distance R, v 1 =velocity of satellite around the sun at distance 
R, v 2 =velocity of satellite around the primary at distance r. 

Then v 2 /R : v*/r=m : m t ; v : v 2 ^=\/m : i/m t ; Vt : v 1 =i/r : \/R. 

•'■v : v 1 =-\/(mr) : vim^R), or v/R : vi/r=x/(mr 3 ) '• v'(toiJ? 3 ), the 
ratio of the angular velocities of primary and satellite in their respective 
orbits. 

Hence, the path of the satellite will be looped, cusped, or direct 
throughout if 

V (m 1 R s /mr 3 )>=<R/r; or r^ 1 R>—<mr, or m i /m> = <r/R. 

From these, we learn that the path of the satellite will be partly convex, just 
fail of being convex at perihelion, or be concave, if 

m^R % fmr % ~>— -<R/r; or m i R 2 >—<mr i ; or mi/m>=<r 8 /R* ; 
or y (m 1 /m)>=<r/R. 

For the earth and moon, to/to i =322, 700= (568) 8 , R =92, 000, 000. 
Hence, if the moon were 92,000,000/322,700=285 miles from the earth, it 
would travel in a cusped epicycle. If 92,000,000/568=162,000 miles from the 
earth, the epicycle would be convex. As the actual distance is 238,828 
miles, it is always concave. 

Also solved by A. H. Holmes. 



NUMBER THEORY AND DIOPHANTINE ANALYSIS. 

141. Proposed by PROF. K. D. CARMICHAEL, Anniston, Ala. 

Given that the highest factor of a prime p contained in m! is p m ~ s ; 
find general expressions involving p and m and s, from which, when a solu- 
tion is possible, m can be determined when s is a given integer and p is a 
given prime. Is it then possible in any case to have more solutions than one? 

No solution has been received. 

142. Proposed by DR. L. G. DICKSON, The University of Chicago. 

Let n be an integer >1 and set p—-n(n— 1) +1. Required n integers 

whose n(n— 1) differences are congruent (modulo p) to the numbers 1, 2, 

p—1. Exhibit at least for n=S, 4, 5, all inequivalent sets of solutions where 
a set a lt a 2 , ..., a„ is called equivalent to the set m(a, —d), m(a 2 —d), ..., 
m(an—d), for any integers m and d (to not divisible by p). 
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Solution by DR. C. R. MacINNES, Princeton, N. J. 



As Dr. Safford pointed out in discussing No. 132, the problem is equiv- 
alent to the following: Find n numbers such that when we add consecutive 
ones in every possible way, we get all the numbers from to n(n— 1). Hav- 
ing any solution of the original problem, without loss of generality we may 
arrange the numbers in order of magnitude and so get n intervals which 
add up to n(n— 1)4-1, two of which will be 1 and 2. Such sets can 
be searched for systematically. 

For n=3, there is only one set of intervals, 1, 2, 4. 

For w=4, there are two sets, 1, 2, 6, 4, and 1, 3, 2, 7. But these are 
equivalent, since multiplying the second set by 2 reproduces the first. 

For n—b, there is only one set, 1, 5, 2, 10, 3. 

For n=6, there are five sets, 1, 3, 2, 7, 8, 10; 1, 3, 6, 2, 5, 14; 1, 2, 5, 
4, 6, 13; 1, 7, 3, 2, 4, 14; and 1, 2, 7, 4, 12, 5. But these are equivalent, 
since, if we multiply the solutions corresponding to the first four by 4, 12, 
23, and 28, respectively, and add 10, 14, 3, and 3, respectively, we get the 
last one. 

For n=7, there is no solution. 

For n=8, there are six sets of intervals, all of them equivalent to 1, 
2, 10, 19, 4, 7, 9, 5. 

The original problem, then, has no solution for n=7, a unique solution 
for other values of n up to 8. 



n 



Solution. 



3 


0, 1, 3. 


4 


0, 1, 3, 9. 


5 


0, 1, 6, 8, 18. 


6 


0, 1, 3, 10, 14, 26. 


8 


0, 1, 3, 13, 32, 36, 43, 52 



AVERAGE AND PROBABILITY. 

179. Proposed by HENRY HEATON, Bellfleld, N. D. 

Through every point of the circumference of a given circle, chords are 
drawn in every possible direction. What is their average length? 

No solution has been received. 

180. Proposed by J. EDWARD SANDERS, Relnersville, Ohio. 

There are n numbers in a box numbered from 1 to n. A number is 

drawn and replaced n times. Show that on the average the number of re- 

. . (n — l\ n 
peats is ( 1 n. 

No solution has been received. 



